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ABSTR.4CT

Computers have become an integral part of tl]econtrol and data acquisition

systems of srveral different fusfon cxpcrimcnts in the CTR Di-ti’ision.These

systems must 1) monitor and/or control approximately 200-1000 signals, 2)

process from 40 to 250 diagnostic channels with a maximum plasma discharge

repetition rate of once every Ei.Jeminutes, and 3) operate in an electrically

noisy en-Jironment. Small to medium scale minicomputers interface to the

experiment through CAMC modules ha-~~ebeen used to inert these requirements.

System shielding and ~rouncling ha-tirebeen gi’Jenspecial consideration. These

systems are also used for on-line data analysis and are linked to Lhe local CTR

network “UserScr’~iceCenter where additional. off-line analysis can be performed.

INTRODUCTION

This paper is an over-Jiew of the use of computers for data acquisition and

control within the Controlled Thermonuclear Research (CTR) Dil~ision at tl~z Los

Alanos Scientific Laboratory (LAST.). It will cover the basic local requirements

and general.design philosophy, and then trace the expansion of computer usage

and e~olution of technjque o’.rerthe years and several devices since computers

were first used with CTR experiments. Finally. it will describe the design of

the ZT-40 control and data acquisition system, which is the latest system and is

currently under constr~lction.

The charter of LASI.’S CTR Division is to explore alternative concepts in

the quest to build a magnetically confined plasma fusj.on de-,~ice.Work began

with the toroidal Z-pinch in !he early 1950’s and has evolved to the present

research on the Rever;e Field Pinch (RFP)(l) configuration. The RFP

configuration has an axisymmetric toroidal magnetic field geometry consisting of

a poloidal field, produced by a toroidal current in the plasma, and a toroidal

field whose direction is re~’ersed outside the plasma column. The theta

pinch(’), with a magnetic field geometry which is orthogonal to that of the

Z-pinch, has been extensively investigated in both linear and toroidal

configurations. Plasma ion temperatures up to 50 million degrees Kel’,’inand

densities of several times 1016 cm-3 have been produced in the theta-pinch

devices. The experiments use the same type of hardware and pose similar control

nnd data acquisition problems. Table I contains a list of parameters relei’ant

to CTR control system design. The cxreriments are carried out on large pulsed



TABLE I LAS1.CTR COMPUTER ENVIRONWENT

Capacitor banks 105-107

!~4-105

106-1!%

Plzsma Lifetime 10-5-10-3

Control System ]fJ~-lo3

1o-1

Bank Repetition Rate 1-10

Electrical Noise Lots

Joules

volts

Amps

Seconds

Functlofis

Second time scale

Per hour

Damage to control compon[.nts and

interference with data acquisition

People Physicists

megajoules of energy ~t tens of kiln’~olts, and which produce currents up to 100

megamps. The plasma lifetime is typically in the range of 10 to Inf-)o

microseconds, requiring data acquisition de-dices which ham internal data

storage. The control systems must control and/or monitor up to a thousand

variables, and cycle several times a second. The dc-Jices have repetition rates

of 1 to 10 times an hour and are characterized by high electrical noise leJcls

during the plasma discharges. Ground currents and radiated elcctro-magnetic

interference are serious problems. The control system, which may ignore noisy

6igna18 for a cycle or two, need only be protected from physical damage. The

data acquisition equipment., on the other hand, must be protected from

interference which could cause spurious data. Another part nf rh~ s;~ste~c is

the people who operate them. Operators vary widely in their expertise with

computer software, and the system designer must take this fact into account.

The “real”in operator malfunction is redundant. 71

DESIGN PHILOSOPHY

Software

The goal of software design is to produce programs which are easy to use

and easy to maintain. The required operator input should be minimized, and the

interaction with the operator should occur in the most natural way possible.

For example, on the systems described here, most input is entered through switch

panels and thumbwheel switches, and visual displays are used extensi-mly.

Software maintenance is made easier by modular design and the use of a high



level language such as FORTRAN. For the last two large systems a control

language has been de-;elopc’d. This lan~uagc ~cnerates a file of command

description blocks which are executed by a TORTRA!N coded processor. \/jth this

,approach, the operation of the system may he modified simply by cditfnfi tllc

command llst: no reprogramming in FORTRAN is rrquirecl.

Hardware

Ilardware has featured top-down (3) modular design tcchnl.ques. A standard

interface, the CA?1AC(4)J(5),(6) standard. was chosen to allnw for easy expansion

and transfer of equipment among experiments controlled by different makes of

computers, and to take ad-~antage of the wide range of functions readily

a-;ailable in the CAMAC format.

A standard signal nomenclature has been de.?iscd and is csed for both

hardware and software. The use of standard nomenclature enhances cormnunj.cation

between people of di~erse backgrounds.

The electrical noise problems are treated systematically. The dc-:ices are

characterized as signal sources, the control and data acquisition cqutpmcnt as

recei-Jers, and the attenuation ~cquircd to achieve a desired low noise level

determined. Various techniques--isolation, shielding and transient

suppression-- are used to achieve the design goal.

~voLu’rIoN

Scyllac

The first CTR experiment to use a computer was Scyllac. A Sigma 2 was

acquired in 196q and inSFallprl nfter ~h~ .-?0.,4---- h 3.-I Ln-- .4--:-.-..4 ~~,~ .“.~.J------ ---- -s-.. -&”A~.*Lu

already under construction. The computer was originally used anly for data

acquisition but later assumed some monitoring and scram/abort functions.

The Scyllac Sigma 2 configuration is shown in Figure 1. Plasma data were

stored in fast transient digitizers. Slow data such as bank ~:oltagcs were

acquired by a 128-channel analog-to-digital con-~erter (ADC). The operator could

control the computer through the numerical input panel. After each plasma

discharge the transient recorders were read and the data stored on disk. Thc

operator could call up various data analysis programs and view tllcresults on a

multi-channel .Jideodisplay. Additional detailed analysls was done on the User

Ser-~iceCenter’s DEC-10. The operating system used was the Xerox Reel-time

Batch Monitor (R.BM).



Second SiEma 2

In 1971 a surplus Si~ma 2 wa:;acquired. This serves as n data acquisition

computer for 4 smal; experiments. The configuration of this system is shown j.n

Figure 2. fjrf~illal~yall de,<iccswere Intcrfaccd using Xerox standard interface

units. These dirrct interfaces ha”Je been replaced with mMAc standard

interfaces. This computer uses the same Xerox RBM operating system as the

Scyllac computer.

Scylla IV-P

The construction cf Scylla IV-P, a 5-meter linear theta pinch,
(6) was begun

in 1975. This was the first cornputer-based control and data acquisi~ion system

designed as an integral part of a plasma physics de”Jiceat J.ASL using top-down

techniques. Th~ computer chosen was a Prime 300. Fi~l]re 3 diagrams its

configuration. All the interfaces are through the CAMAC standard. This system

runs under Prime’s real-time r)prrating system (RTOS) which Is a

multi-foreground, single background user system. The control langua~e approach

was developed on this system. All. of the control and data acquisition tasks

operate in the foreground. The backfiround, which has a 64K word .Jirtual address

space, is used for o:~-line data analysis.

LATEST DESIGN

ZT-40, a large reversed field Z-pinch, is currently under constrllction. It

is the most complex device built in CTR at LASL in terms of the number of

control functions which must be irnplcmcnted, and the L,ensitivity to electrical

noise of the data acquisition eauipment. A Prime 400 with the Prlmr)s TV

segmented virLual memory operating system was chosen as the control and data

acquisition computer. This system’s configuration is shown in Figure 4. Al1

interfaces to the device are through the CAMAC standard. The data acquisition

equipment is on a parallel highway, while the control system operates via a

byte-ser!.al highway.

The PI?IMOS IV time-sharing operattrg systcm supports up to 16 or 64 users

depending on the version. The standard system supports user priority l.c.rels,

system clock calls for delays or periodic execlltion, and WAIT/NOTIFY semaphores.

The standard system has been modified at LASL to support additional real-time

functions. A CAMAC driver has been developed. Modules may be temporarily

assigned to a specific user on a crate-station basis. A system call which

locks/unlocks user memory has been implemented. This routine is used by the



control programs to f:uarantee that time-critical codm is ncmory rrsident when

the de’rice is in operation. A set of software queuvs which use shared memory

ha.:cbeen instaiied for inter-process communication. The priority structurr has

b~~n mndfficd to allow some user proc(.sses to operate at a priority l~iflherthan

that of the super’~isor.

The control software is mndclccl after that of Scylla TV-P al.thouzh the

implementation is quite different because of the difference in operating

systems. Four proccsscs ar> im:ol”~ed: 1) a monitor process which carries out

all. 1/0 operations with ZT-40 and provldcs current status information, 2) a

CA!LfC interrupt handler, 3) a control process which is the control lan~u.a~c

processor and operator i~tcr[<acc, and 4) a sequ~ntlal processor fcr data

acquisition progriamsm Since PRI}IOS IV is a time-sharing system, program

dr’..-clopmcnt,data analysis and dia~nostic de.mlopmcnt can be carried cut

concurrently with dc-~iceoperation.

Fi2ure 5 shows ~llelayout of the area in which ZT-40 is being built. Thc

torus in the center is the plasma vessrl with its associated conductors and iron

cores. Diagnostic equipment will be located on the platform arourid the torus.

The shield room containing the computer, data acquisition equipment and

timinc-pulse generators is located at one end of the area. A control center,

containing the serial crates and interface circuit~ is located in relay racks

at the opposite end of the area. The charging system power supplies are in a

room below the control center. The main capacitor banks are built in twel-;e

pie-shaped sections around the torus. Several auxiliary banks are located in

nAA Pnv..v. ~f th,cQrca.....”--.....“

The noise susceptibil~?y of the plasma diagnostic equipment led to the

design of an elaborate star-type ground system rlepi:ted schematically in Figure

6. The star is centered oil a point near the cznter of the torus, which is

designated “Mecca,” and all subsystems are intcrc.mnccted \’ia ground plane

“highways” whfch radiate from this point= Every section of the machine is

carefully isolated from the steel structure and frorr.building ground so that

ground loops are eliminated. Problems with ground loops and shield pcnctraticns

in SOITIC,areas, especially the control wiring and timing t:~hles, ha-cc been

eliminated .Dy the use of fiber optics. (8)

The byte serial CAMiC highway is carried between the control center and the

shielded computer room on 1S optical fibers. This link was designed and built

in-house. A second, identical byte serial link connects an auxiliary screen



room to the computer room. The circuitry in the cent rol ccntcr is not ,3s

sensitive to noise as the pl,asmadlagno.sties cqupimc:tt, but still ntjcds to be

protected from physical dama~c bY ‘f~ltw~ trfinsicnts,which mdy be as high as

sc-.”eral hundred -{olts, on tllcllnrs extending into the machine. Each line is

terminated at the CAMAC end in a transient suppression network and has an

optical link built ir,to it. The optical links consist of photon-coupled TTL

Eates in eight pin DIP’s for digital sifinals, and photon-clwpl cd :]naln};

amplifiers on hybrid substrates for analofisifinals. At the machine end, the

digital outputs operate air solenoids, tlic digital inputs are dcri’:(”clfrom

dielec.rically actuated microsuitches, and the analog outputs are operated into

photor,-coupled de-<ices, sn that z1l these signal lines arc doubly protected.

The analog inputs monitcr -~cltagc df:~idcrs which ,arercfcrcnccd tn machine

ground, and balanced l.inusand differential amplifiers with n hi;~h common rloflc

rejection ratio are used.

The dia~nostlcs cabling into the shie].cd computer room was very carefully

designed. These are the only wires which pc’netrate the shield, cxcbpt for the

power lines which are hca’~ily filtered. Coaxial. cables arc carried in 2fl2-Inch

copper pipes from the dia~nostics area to tl~e screen room. The pipes ire

enclosed in a steel box o(er their entire length. This arrangement pro”~ic.es

skin-effect shielding(g) of the cables from cllrrents induced in tilecapaciti-~cly

coupled ground loop which follows the torus, diagnostic boxes and cables,

shielded room, steel structure and ground plane back to the torus. The copper

pipes form a low impedar,ce ground path for their cables reducing crosstalk.

Crosstalk is further reduced by wrapping each cabie many times around a Iargc

ferrite toroid where it entars the shielded room. (lo)

Figure 7 is a schematic diagram of the layout of equipment in the shielded

room. The computer, contrcll terminal, and peripherals are located in the center

of the room. Relay racks are placed around the walls. Signal cables are routed

between che computer, equipment racks, and patch panels vla a wireway which iS

in contact with a copper ground plane. Ground loops are minimized by isolatin~

the racks and providing each with a single connection to the ground plane.

Power is distributed throughout the room by a separate wlreway system. Twisted

pair wire is used to reduce the 60 Hz magnetic flux in the room, and isolated

transformers are used at each rack to maintain isolation. These transformers

are mounted in 3-layer magnetic shields to reduce the high leakage flux common

in this type of transformer.



The shielded enclosure is a LindSr(:n 4-shield room, 22 feet by 25 feet.

The original design was modified hy replacinq CWO layers of copper with two

la:~ers of silicon transformer steel to extun~l the low frequency attenu;~tion to
\

co.:er2 peak expected in the power sp,’ctrum of i!T-40at 300 Ilz.(11)

CO:CL~sIoN

The use of top-down, modular design techniques for bo~h software and

hardware Increases system rcliahility and rcducc.s systcm maintenance u’;fort.

The adoption of an industry standard interface is hi~h].y dc’sirahlc. The time

and effort spent on desi~ning a system in a structured fashion with cartiful

consideration of power and ground distributing systems, prior to the

construction of a dc-:ice, has paid handsome didid~nds. T!lisapprc)ach has

allowed easy expansion of existing systems ,and the transfer of technology

between completersof different manufacture.

ACKNOWLEDGEMENT

The authors would like tc thank Brad Woodworth who pcncrated the fi~ures

(with the cxccption of Figure 5) used in this paper on LASL computers executing

the Mapper Program.

REFERENCES

1.

-)-.

3.

4.

5.

6.

7.

8.

Bodin, H. A. and Keen, R. E., Reports on ?rogress in Physics, .~~,

141> (1977).

Freldbt?rg, J. P. et al., “Rc\’iew of Linear Theta Pinch (LTP) Concept”, Los

Alamos Scientific Laboratory report LA-UR-77-961 (1977).

Yourdon, 1?. and Constantine, L. L., “Top-TIown Design,” in

Structured T)esi&n, (Yourdon Tnc., New York, 1975), Chap. 12.__——- ..—-.-..—

Serial Highway Interface Systcm (CLWAC), IEEE Std 595 (1976).

Parallel I{ighway Interface System (CMiAC), IEI;EStd 596 (1976).

“CANAC Tutorial Issue,” IE1lETransactions on ?;uclear Science. t!!)(1973).

Lillberg, J. W. ct J1., Proceedings of the Sixth Symposium oil Engineering

Problems of Fusion Research, 1975, IEEE Pub. 75ch!G97-5nps, pp. 1059-1061.

Chandler, G. I. et al., “USC cf Fiber Optics to Eliminate Groul~d Loops ~lnd

Naintain ShielrlinZ Intugrity on a Controlled Fusion Ex~erimcnt,” in



Prncecdfngs of LAST. Confrronr!~on f)p-tics’79, May 23_~5, 1!379..— —-. —---- —— -..—— -- (To bc----- ------- -.. ---- . .

published hy Society of Photo-Opt icnl Instrunwntion l;n~iilerring.)

9. Ramo, S., W’hlnncry, J. R., and Van Duzey, T., FicJl:ls .gn_dya:{~.s__i.n-

Communication !?lectronlcs (John Wiley anclSons, Ncw York, 1965), p. 249ff.-—-——-—— .-——-—- -—--———

10. !40hr, R. J. , “coupling Between Open and Shielded ~Jirc Linr:s o-~c’ra Croun4

Plane,” IEEE Trans. on I:lcctromaEnetic Compatihtllty, \’ol. EHC-9, no. 2,

1967.

11. White, D. R. J., Handbook on l?lrctromagneJic_Slli,cldjfl~N:~ty-r-l:~ls----------.—----- —.-. --- -.

and Performance, (Don Ifiltc’Consultants, Inc., Germantown, llD, ]975).—-———-- ----.-



I I

SiGMA–2
SM-287

32 K WORDS w%#-
--l--/w

I
TRAFJS1ENT RECORDERS

104 BIOMATION 610S
1 BIOMATION 8100

ANALOG TO DIGITAL
CONVERTERS

FIFTH DIMENSION.

t

128CHANNELS “
NUMERICAL INPUT PANEL
CONTROL SWITCHES

CAMAC
BRANCH
DRIVER

t

SERIAL HIGHWAY
LAB TEST STATION

PARALLEL HIGHWAY
TEKTRON1X 4010
GRINNELL VIDEO SYSTEM
LINK TO DEC-10
80 STANDARD ENGINEER INC
CORPORATION 610’S

SM-287 SIGMA-2 CONFIGURATION

Figure 1.



I Q’%
DIR~ lNPUT/OUTPUT

HEWE17’ PACKARD PLO’lTER
GRAFPEN DIGITIZER
NUMERICAL INPUT PANEL
16 B1OMATION 610’S

CAMAC
Im:fl

-SERIAL HIGHWAY

EXPERIMENT 1

PROGRAMMABLE PHOENIX DATA ADC
TEKTRONIX R7912
TRANSIENT DIGITIZER
TI 733 TERMINAL

I EXPERIMENT 2

16 BIOMATION 610’S
2 BIOMATION 81CCYS
TI 733 TERMINAL

EXPERIMENT 3

2!) BIOMATION 610’S
16 !YI’ANDARD ENGINEERING

CORP. 610’S
TI 733 TERMINAL

~ pARALLEL HIG~WAY

6 CHANNEL GRINNELL VIDEO
SYSI’EM WITH MONITORS IN
ALL EXPERIMENTAL AREAS

SM-105 SIGMA–2 CONFIGURATION

Figure 2. .



FF
DISK

75 K WORDS

PR&ME
4010 CONTROL TERMINAL
~

SCYLLA IY-P +
4010 BACKGROUND TERMINAL

64 K WORDS 733 SYSrEM TERMINAL,

CONTROL SIGNALS

492 DIGITALINPUTS
192 DIGITALOUTPUl=
96 ANALOG INPUTS

DATA ACQUISITION

5: BIOMATION 610S
nInMATlf)N 8100’S“ ........

86 STANDARD ENGINEERING
CORPORATION 613’S

6 NEUTRON SCALE~S

LINK TO DEC–10

SCYLLA IV–P PRIME 300
CONFIGURAI’1ON

Figure 3.



PFtNhJE

ZT-40
192 K WORD SYSI’EM TERMINAL

-F===l
I I

~
14 CONTROL TERMINAL

01 ANALYSIS TZRMINAL

SERIAL HIGHWAY

CONTROL S1GNAli3
480 DIGITAL INPUTS
364 DIGITAL OUTPUTS
192 ANALOG INPUTS
48 ANALOG OUTPUTS

l-pA~ALLEL HIGHwAy

DATA ACQUISITION
28 LECROY 2256S’S

ZT-40 PRIME 400
CONFIGURATION

Figure 4. ‘



.

Figures-

ZF40 FACILITY

@ TOROIDAL FIELD BANKS

@) POWER CROWBAR
TRANSFORMERS

;L @ PRE-10NUAnON BANKS

@ REVERSED FIELD PINCH

@ TOROIDAL BIAS FIELD BANKS

@ POWER SUPPLIES

(@ CURRENT MIXERS



.

c1CONTROL
------.-

CENTER

. . ------ ------ -- . ----- ------- -. . . . . . . . . . . . .-. . . . . . .

POWER
SUPPLI=

. . . . . . . . . . . SCREEN

IWOM

\
\

\
\

\

IJRACK
1

t----.- ----

~~~ GROUND “HIGHWAY”

—. CHARGING LIN=

CONTROL LINES

DIAGNOSHC LINES

------ -- F] BER OPTIC L1NKS

-- -- -- ------- ------- - . . -- -- -- -------- .- - . -- . ----c---- --- . . ------ ------- . . . . . . .“

ZT–40 STAR GROUND SYSTEM
Figure 6.



POWER

EQUIPMENT
RACKS

. . . . . . . . .

ISOLATION
FILTERING
BREAKERS

GROUND PLANE
----- ----- ----- . . . . .

EEl

LCOMPUTER

PERIP:ERA13

------ - -L-----

-

?

PATCH
PANEL

.-. ----

.

--

DIAGNOSTICS

ZT–40 SHIELD ROOM

. . . . . ----

—

,---- .-..

POWER DISTRIBUTION
Figure Z


